The QSAR analysis provides significant structural insight to help the design of novel antihyper cholesterolemic compounds. 2D-QSAR model for a set of 23 LSS inhibitors that have antihyper cholesterolemic activity was derived. The lanosterol synthase inhibitory activity data and various physicochemical descriptors were preferred as dependent and independent variables respectively. The Multiple Linear Regression (MLR) is taken to choose the best model. Here we have derived two best QSAR models to discuss the structural properties significant for the OSC inhibitory activity. In these models, the following parameters 3D-MoRSE parameter (Mor07e), WHIM parameter (G3e), GETAWAY parameter (R6p + ), Radial Distribution Function parameters (RDF110u and RDF110e) have provided for the LSS inhibitory prediction. This structure activity relationship obtained for the molecule is comparable with the QSAR results and this agreed with the results developed from QSAR studies.
INTRODUCTION
The World Health Organization (WHO) reports that high cholesterol contributes to about 56% of cases of coronary heart disease (CHD) worldwide and causes more than 4 million deaths each year. High cholesterol (hypercholesterolemia) can cause the accumulation of plaque deposits in the arteries it results in atherosclerosis or CHD 1 . Atherosclerosis can lead to plaque ruptures and blockages in the arteries, which increase the risk for heart attacks, stroke, circulation problems and death 2 . Lanosterol synthase (LSS) is (EC 5.4.99. 7) is an important enzyme in cholesterol biosynthesis as it functioned as catalyst for the conversion of 2, 3 -oxidosqualene to lanosterol, the first precursor for sterols. This enzyme locates the downstream from essential branching steps in the pathway of cholesterol synthesis and not influence the formation of intermediates needed for other biosynthetic pathways such as synthesis of isoprenoids, coenzyme Q 10 etc [3] [4] [5] [6] [7] [8] [9] .
The study of the quantitative structure activity /property relationships (QSAR/QSPR) of compounds is a relevant approach of modern chemistry because of the details obtained is consists of mathematical equations correlating the chemical structure of the compounds to a large variety of their physical, chemical and biological properties. Once a relation between structure and activity/property is noticed, any number of compounds including those not synthesized yet, can quickly be screened in silico for searching of structures with derived properties [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . Hence it is possible for the selection of most favorable structures for synthesis and testing in the laboratory. In this study, twenty three molecules having LSS inhibitory activity were taken from reference 22 .
MATERIALS AND METHODS
QSAR study was performed on the data set consists of twenty three compounds having LSS inhibitory activity. The biological activity data IC 50 (nm) were changed to pIC 50 for QSAR analysis. The pIC 50 values of the molecules under study covered a large range from 5 to 8. The chemical structure of all the compounds is shown in table 1, 2 and 3. The structure of the compounds was drawn and 3D structures were generated using Marvin 5.4.1.1 version (Chem Axon Ltd., 2010 23 ). Most stable structures of each compound was generated after energy minimization and used for calculating various physicochemical descriptors. The low energy conformers were then allowed for further generation of an extra set of 3,224 molecular descriptors using DRAGON version 5.5 24 . The multicollinear and redundant descriptors collected from the DRAGON software package were limited from 3,224 to 1497 descriptors by manually. The descriptors were then submitted for stepwise multiple linear regression (MLR) [26] [27] [28] [29] [30] [31] [32] . The biological activity and the selected physicochemical parameters of the twenty three LSS inhibitors were shown in Table. 4. Since we have used a cross-validation method there is no requirement to work on training set and test set independently.
RESULTS AND DISCUSSION
The relevance of QSAR analysis mainly relates either or not the molecular descriptors selected are suitable to correlate the biological activity. Regression analysis was carried out by maximum R 2 method 33 choosing stepwise regression. Univariate, bivariate to multivariate regression has been made for understanding the best correlation. The eight selected molecular descriptors were then taken in the formation of QSAR model by MLR. The correlation of the used descriptors and their correlation with the activity are shown in table 5. The results ( Table. 5) indicate that the two physicochemical descriptors RDF110u and RDF110e are mutually correlated. When these two are exist together in the regression equation then the model may undergo from the defect due to collinearity 34, 35 . The outcomes of the statistically relevant models are shown in table 6. There is no statistically important mono parametric model is preferred for modeling the LSS inhibitory activity (pIC 50 ). In attaining the statistically significant models, the corresponding 5, 13 and 15 are found to be outliers. Therefore they were removed from the successive regression analysis.
The results shown in Table 6 indicate that there are six bi-parametric regression models out of which the model 5 consists of Mor07e and G3e provide the maximum R 2 result. This model is found as shown below. From the two better quality tri parametric models, the model 11 consists of Mor07e, G3e and R6p+ provides better results. Mor07e and R6p+ parameters indicate negative correlation and G3e parameter indicates positive correlation with the activity. The stepwise regression finally obtained two tetra parametric models 21 and 22, possessing better statistics than both the models discussed earlier. The two models differ only due to the presence of RDF 110u and RDF 110e. But the remaining descriptors are same for both the models. These two models were then analyzed for obtaining the relative correlation potential of RDF 110u and RDF 110e, in modeling the activity. RDF 110u and RDF 110e are highly correlated descriptors (r = 0.9911). Therefore the tetra parametric model 22 [equ (4)] containing Mor07e, G3e, R6p + and RDF110u is best for modeling the inhibitory activity. The other tetra parametric model 21 equ (3) containing almost equal correlation potential consists of RDF 110e in space of RDF110u. These two models are showed below. In order to support our study we have calculated the pIC 50 activity from the model 22, equ (4) which is explained above. The calculated activities are then compared with observed values (Table. 8 ).
In order to confirm the inhibitory potential of the selected models, we have again calculated their predictive correlation coefficient (R 2 pred.) [33] [34] [35] by plotting graph between observed and Finally a cross-validation method 33 , 35 is applied for deciding the predictive potential of the suggested model. This is required because a model with well-defined statistics may not have good predictive power. The different crossvalidation parameters obtained for the recommended models are listed in table 9 and are explained below.
Fig.1. Fitness Plot (Observed vs. Predicted biological activity)
changes in activity correlates with changes in interatomic distances due to variation in bond order and introduction of new atoms. Whim descriptors (here G3e) gave significant 3D molecular information such as molecular size, shape, symmetry and atom distribution with respect to invariant reference frames. Getaway (here R6p + ) are geometrical descriptors providing information of the effective position of substituents and fragments in the molecular shape. RDF code (here RDF 110u) gave information regarding interatomic distances in the whole molecule, bond distances, ring types, planar and non-planar systems and atom types.
From these findings, if the count of number of carbon atoms separated from electronegative oxygen atom to charged polar amino group by six bond increases then LSS inhibitory activity of these molecules also increases. The bond angle and bond distances of these carbon atoms, the polar electronegative atoms and aromatic and substituted aromatic rings plays a significant role in LSS inhibitory activity. These findings can be useful in the development and optimization of new LSS inhibitors.
Predictive Residual Sum of Squares value less than the SSY (Sum of the Squares of response value) provide that the model predicts better than chance and can be treated as statistically significant. In this case (Table. 9 ) PRESS << SSY show that all the models obtained are statistically important and are better than chance. To be a potential QSAR model, the ratio PRESS/SSY should be smaller than 0.4. Here this ratio ranges between 0.08-0.36 showing that all the selected models are reliable QASR models. In this case, the ratio for the models obtained by equation 4 is the smallest. Therefore we summarized that this model is the best among all the models discussed above. The highest value R 2 cv (0.9176) provide further strength to our findings.
CONCLUSION
The positive correlation coefficient of G3e indicates that there is a direct relationship with LSS inhibitory activity of these compounds. The negative correlation coefficient of Mor07e, G3e, R6p + and RDF 110u indicate that there is an inverse relationship with LSS inhibitory activity of these compounds. MoRSE descriptors (here Mor07e) provides a good model performance when the
